It is common knowledge that death rates vary from area to area, year to year, and between different groups of the population. These differences have been extensively studied but, very often, only in relation to a particular cause of death or a particular feature of the environment-the association of bronchitis with air pollution, for example, or population density with respiratory death rates. This paper, reporting a fairly comprehensive search for associations between the environment and death rates from four major 'causes' at ages in the large towns of England and Wales, has, as its reason, the systematic presentation of some accepted facts and the posing of new, as well as continuing, questions.
MATERIAL
The data were originally collected to investigate the finding that mortality rates from cardiovascular disease were higher in areas supplied with soft (or acid) drinking water in several very different countries, for example, in Japan (Kobayashi, 1957) , the U.S.A. (Schroeder, 1960a (Schroeder, , 1960b (Schroeder, , 1966 , and England and Wales (Morris, Crawford, and Heady, 1961, 1962; Crawford, Gardner, and Morris, 1968a) .
In the England and Wales study many other environmental indices were also examined in an attempt to 'explain away' this association. A the towns, the same group of towns having consistently experienced low rates, and another group high rates. As an example, Table I gives death rates at 45-64 years of age. Concurrently with the falling average death rate, the range of differences between these towns has become smaller, but the highest death rates are consistently just less than double the lowest. Female rates show the expected greater decrease than male; indeed, now, the highest female death rate is similar to the lowest male figure. Thus, during 1958-64 on average, 1 % of males aged 45-64 in Ipswich died annually compared with 2 % in Salford; 0-6% of females at this age in Oxford compared with 1 % in Bumley. A similar picture is found at ages 65-74 years, with the same towns regularly coming at the ends of the ranges*.
Each of the four major causes studied shows similarly large differences between the towns. towns come at the ends of the ranges, suggesting that different causes were active in different areas.
ENVIRONMENTAL ASSocAunONs
We now turn to the search for associations of mortality with the social and environnmental characteristics of the towns. Correlation analysis was used in the initial screening of the large number of indices included for their association, or lack of association, with mortality. We confined our search to environmental factors having consistent associations with cause-specific death rates, bearing in mind other and our own previous work (as will be described, we later probed for possible new associations). It is virtually impossible to start examining a correlation matrix of the size we had, roughly 20,000 coefficients, in any other way, although techniques of cluster analysis could be helpful (Hills, 1969) . Indices reflecting four aspects of environment gave consistently high correlations with some or all causes of death (Table III) .
First, a collection of indices of bad socio-economic circumstances (and population structure) are positively correlated with mortality. Of the many indices of this type in our available data we have concentrated on nine, representative of the whole, For normally distributed variables these are the significance levels of the product moment correlation coefficient (r) for 61 pairs of observations: r < -0 -33orr > +0-33 :P < 0-01 r < -0-41 or r > +0-41 : P < 0-001 **See Table IV Consequently, and as each gave similar results in further analyses, they were combined into a single index. We used principal component analysis including the nine indices, and the first component, explaining 67% of the total variation of these indices between towns, we have taken to give a 'social factor score' for each town (see Appendix). Table IV shows the indices included, and that each has a correlation of +0-68 or more with this social factor score (the 'social factor score' is a weighted linear combination of the nine indices, the weights being proportional to the correlations of Table IV) . A similar approach was used by Buckatzsch (1947) in looking at the relationship between infant mortality rates and social conditions. Secondly, indices of air pollution are highly associated with death rates. The index of 'domestic' air pollution, derived from coal bought for consumption on domestic fires (Daly, 1959) , gave the highest correlation with mortality and was mainly used. The smoke and SO2 figures from the National Survey of Air Pollution were not available at comparable sites for all the towns, but, where we could extract figures, they were similar to those of Buck and Brown (1964) and gave expected correlations. However, although Daly's index is very highly correlated with the group of social indices (as a measure of air pollution has to be almost by definition in this country), it seems also to contain a specific pollution measure, and is more applicable to the mortality period studied when few actual measurements of air pollution were available. We hope to make further use of the National Survey data when these have been standardized to allow valid comparison between towns.
Thirdly, climatic factors are correlated with death rates. That mortality is higher in the north is well known, presumably reflecting climatic (mainly temperature and sunshine) and also social-industrial conditions.
Fourthly, measures of the hardness of local drinking water supplies show strong negative correlations with mortality (the softer the local drinking water, the higher the death rates). The concentration of calcium ion in water gives the highest correlation with mortality, and can be precisely estimated (see Appendix).
MULTIPLE REGRESSION ANALYSIS
We then used multiple regression analysis with each of the death rates from all causes and specific causes in turn as the dependent variable, and four environmental factors (the social factor score, 'domestic' air pollution, latitude, and water calcium) as the independent variables. The ordinary linear additive model was used attempting to explain absolute differences in rates; other approaches by transforming the dependent and independent variables were tried but gave similar results.
The variance of each death rate between the towns unexplained by these four factors was then examined to see whether any further environmental factors should be included. The only factors showing sizeable and consistent correlations with the residuals (a residual is the difference between the observed death rate and that predicted from the regression equation containing the four factors) were long period average rainfall and longitude, those with rainfall being higher, for all causes of death and specifically for cardiovascular disease. These two indices are, of course, highly associated-more rainfall on the west coast and vice versa-and rainfall only was thus included in the multiple regression equations.
A repeat examination of the now unexplained variance showed no important independent contribution for any of the causes of death from any other environmental index for which we have data; nor was there any evidence of important departures from the model for the five factors now included. The final multiple regression equations for death rates from all causes, cardiovascular disease, bronchitis, cancer of lung, and cancer of stomach are given in Table V a The analysis can be considered as giving the best estimate of each death rate as a linear combination of these five environmental factors, the importance of any factor for a particular rate being indicated by the size and significance of its coefficient. Standardized partial regression coefficients are shown in Table V to enable comparison across rows and down columns. For example, the first row shows the relationships of the indices to male mortality at ages 45-64 during 1948-54 from all causes-air pollution, rainfall, and water calcium making significant independent contributions to the explanation of variance in that order. Briefly, the pattern for specific causes of death is as follows-latitude, rainfall, and water calcium are associated with cardiovascular disease (broadly similar associations are found for each of the two major components of cardiovascular disease, i.e., coronary heart disease and cerebrovascular disease); all the indices except, surprisingly, latitude show significant coefficients in bronchitis; the air pollution index is associated with lung cancer; the social factor score is associated with stomach cancer.
The proportion of the variance of death rates between the towns that is explained by the linear combinations of these factors is given in the final column of Table V . This percentage is notably high for mortality from all causes, reaching 84% (or, equivalently, a multiple correlation coefficient of 092) for the recent rate in middle-aged men. On average, about 70% of the variance in cardiovascular mortality is explained, for bronchitis about 60%, for cancer of stomach and for cancer of lung in males about 50%O-showing a differential ability of the environmental factors to explain differences in the various causes of death.
DISCUSSION
This study has shown that there are substantial differences of death rates, among the middle and early old aged population, between the large towns in England and Wales; these differences are associated with local environmental factor,s, differently however for the various causes of death. However, it is important to realize that these analyses are concerned with studying mortality variations between the towns, and may give clues to aetiological factors in the environment, and do not deal with individual risk factors. Thus, if the populations of two towns have the same cigarette smoking habits, differences in their lung cancer death rates will reflect differences in causally related environmental conditions, but there is no doubt what is the main cause of the disease among the individuals of each town. Identification of subgroups of the population of towns similar in both relevant personal and environmental characteristics is likely to raise the explanation of variance of mortality between these subgroups. For example, groupingmales by cigarette smoking and morning cough habits in areas of varying urbanization, Buck and Wicken (1967) achieved +0-300 48 P < 0-05; "P < 0-01;"'P < 0-001 tStandardized partial regression coefficients given, I.e., the variables are reduced to the same mean (zero) and variance (one), to allow values for the five socio-environmental indices in each cause of death to be compared. The higher of two coefficients is not necessarily the more significant statistically.
over 90 % explanation of the variance of lung cancer and bronchitis mortality between these groups, compared to our 39-70 % between towns. The degree of implication of (lack of) water calcium as a 'cause' of cardiovascular mortality similarly would require knowledge of the distribution of personal risk factors, such as diet and physical activity, in the towns. For each disease dealt with here, how-. ever, the large range of mortality between the towns indicates a real possibility of environmental factors being causal. Thus, interpretation of the associations described requires a deal of care.
We have attempted to search out from the information at hand all environmental indices that consistently relate to particular causes of death. In using the multiple regression approach, and including all environmental factors which were significantly associated with differences in mortality between the towns, some interesting findings emerged. The one of particular relevance to the original study is the suggestion that rainfall adds markedly to the explanation of cardiovascular mortality variance between the towns. Rainfall is highly correlated (r = -0 6) with water calcium, and it was thought that its inclusion in the regression would not add anything extra or new. However, the increasing facilities for computer handling of large-scale data of this type have enabled the testing out of some thoughts that had to remain as such a short while ago. Again, it is interesting how air pollution and the social factor score, also being highly intercorrelated (r = +08), show consistently different and expected relationships with mortality.
The association with rainfall, however, is perplexing. Is (Dudley, Beldin, and Johnson, 1969) . They find a climatic 'comfort index'-combining levels of relative humidity and temperature-highly negatively correlated with mortality from coronary heart disease, and more important than water hardness in predicting the death rate. Temperature and relative humidity do not have the same large range in this country as in the U.S.A., but their findings are not dissimilar to ours in indicating a climatic factor (rainfall, plus the climatic component of latitude reflecting temperature and sunshine). We are hoping to follow this finding through in collaboration with meteorologists as well as water and soil chemists.
The findings for bronchitis, whilst not identifying any overwhelming factor associated with differences in local mortality rates, do nevertheless consistently indicate the known relationships with air pollution, bad social conditions, and inclement climate (Buck and Brown, 1964; Daly, 1959; Fairbairn and Reid, 1958) . The association with the air pollution index is stronger at age 45-64 than in the older group. This may be real or may be related to the higher accuracy of certification of bronchitis in younger deaths.
Stocks (1960, 1966, 1967) has reported an association of air pollution with cancer of the lung both within and between countries. This association seems to be greater for males, for whom the death rates are much higher. One factor which cannot be excluded when discussing lung cancer (or bronchitis) is, of course, cigarette smoking! The two indices we had of smoking levels in these towns were for recent years (Morris, 1964; Tobacco Research Council) and, not surprisingly, showed no association with the lung cancer mortality rates, as probably the relevant figures would be smoking levels in the 1940s or earlier for the death rates used here. There is some evidence (Hulton Readership Survey, 1948 ) that some 20 years ago cigarette consumption was higher in the south than in the north, but that now the position has been reversed; the negative association with latitude, greater around 1951 than around 1961, possibly is a reflection of this trend.
An association between cancer of stomach death rates and poor living conditions has long been known (Registrar-General, 1938; Stocks, 1947 Stocks, , 1960 and, as expected, the social factor score has a significant relationship. Air pollution is independently associated with death rates in three of the male groups; this may indicate a causative factor and supports the suggestion by Stocks (1962) We did not include many indices of local health and welfare services, but a report commissioned by the Royal Commission on Local Government (1968) suggests little relationship between services and need, though Davies (1968) indicates this is not so for all services. However, average general practitioner list size in the towns showed no correlation with mortality from any cause in this study, and it is noteworthy that such an imbalance exists between services and need after so many (more than 50) years of consistent mortality differences. Meanwhile, mortality differentials persist, and are associated with changing, changeable, and unchangeable aspects of town environment. SUMMARY A study is described of male and female mortality at ages 45-74 years in the larger County Boroughs of England and Wales. Death rates are looked at in relation to changes that have occurred during this century, and to environmental indices associated with the differences between these towns in death rates from four main causes of death-namely, cardiovascular disease, bronchitis, cancer of lung, and cancer of stomach.
The ranking of these towns by their death rates from all causes is similar during each of four periods in the last 50 years, those towns with lower or higher rates remaining so. The highest age-sex specific death rate remains nearly twice the lowest, i.e., there are still substantial differences between towns in mortality.
Indices reflecting five aspects of local environment are shown to explain a large percentage of the variance of the death rates between towns. These are socio-economic conditions, air pollution, latitude, hardness of water supplies, and longperiod average rainfall. Multiple regression methods are used to show how these indices are differently related to each cause of death at these ages. 
